A renewed interest has been observed recently in globe artichoke as a promising source of polyphenols, a heterogeneous class of secondary metabolites characterized by various well-documented healthy properties. However, only few studies have characterized Tunisian cultivars. Therefore, the present study aimed at evaluating the chemical parameters [fatty acids (FAs), volatiles, and phenolic derivatives content] in the edible part, the receptacle, of two globe artichoke cultivars ('Violet d'Hyéres' and 'Blanc d'Oran'), including their antioxidant activities. The FA profiles of the receptacles showed that the most abundant acids were linoleic and palmitic ones. Forty-one volatile compounds, accounting for 97.6-96.3% of the receptacle aroma emission, were identified. Sesquiterpenes hydrocarbons represented the main chemical class; in particular β-selinene, followed by β-caryophyllene, reached the highest levels in 'Violet d'Hyéres' (48.7% and 14.5%, respectively). Total phenols and tannins (p ≤ 0.05), o-diphenols and flavonoids (p ≤ 0.01) were significantly higher in the receptacles of 'Violet d'Hyéres' cultivar (73.0, 17.2, 15.4, and 12.2 mg 100 g −1 of fresh weight, respectively). The antioxidant activity was notably phenolic derivatives content-dependent, where higher values were observed in the 'Violet d'Hyéres' cultivar. Results suggested that globe artichoke receptacles could represent a good source of health-promoting polyphenols with high antioxidant activity and this fact could encourage their consumption. Further investigations are needed to evaluate the variation of the considered compounds in other Tunisian cultivars.
Introduction
Cynara cardunculus var. scolymus L., popularly known as globe artichoke, is a tall thistle-like flower head with an edible part (receptacle) and it is an important component of the Mediterranean diet. [1] Its global production has risen to about 1.8 million tons per year. [2] According the Food and Agriculture Organization of the United Nations, [2] the leading producer country is Italy (548000 tons per year), followed by Egypt (391000 tons per year) and Spain (200000 tons per year). Globe artichoke has been appreciated since ancient times as a tasty food, in both its fresh and processed forms. In the literature, there are many reports on the composition and properties of globe artichoke concerning many cultivated and wild varieties. [3] [4] [5] Furthermore, it is a good source of natural antioxidants, such as vitamin C, hydroxycinnamic acids, flavones, and sesquiterpenes. [6, 7] Hepatoprotection, choleretic, lipid-lowering, and colon cancer protection are the main biological activities demonstrated by the artichoke metabolites. [8] The globe artichoke also appears as a source of volatile compounds, mainly sesquiterpenes and non-terpenes derivatives as reported by some authors. [9, 10] Recently, Claus et al. [11] chemically characterized the globe artichoke parts used for protection from oxidative stress in canola oil and reported their fatty acid (FA) content. Moreover, for the receptacle, they reported 88.4 g 100 g −1 of moisture, 12.3 g 100 g −1 of ash, 24.3 g 100 g −1 of crude protein, 1.34 g 100 g −1 of lipids, and 13.1 g 100 g −1 of fibre. Instead, the receptacle was a good source of saturated FA (SFA; 359 mg 100 g −1 ) and polyunsaturated FA (PUFA; 963 mg 100 g −1 ). In Tunisia, globe artichoke production (18000 tons per year) is mainly concentrated in the north, where it provides an important contribution to the agricultural economy. [2] Nevertheless, few papers on the characterization of globe artichoke have been published, especially about their by-products. [10, [12] [13] [14] Considering the scarcity of reports about the edible part of the globe artichoke cultivated in Tunisia, the aim of this study was therefore its valorization by studying the antioxidant capacity of the receptacle of two Tunisian globe artichoke cultivars ('Blanc d'Oran' and 'Violet d'Hyères') by means of three well-established colorimetric methods [2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS), 1,1-diphenyl-2-picryl-hydrazyl (DPPH), and reducing power], and by evaluating their FA profile, phenolic composition, and volatile compounds.
Materials and methods

Standards and reagents
The methyl ester standards were obtained from Supelco (Supelco 37 Component FAME Mix, PUFA-1, and PUFA-3; Supelco, Bellefonte, PA, USA). The standards (limonene, camphor, α-longipinene, longicyclene, α-copaene, β-caryophyllene, α-humulene, β-selinene, caryophyllene oxide, safranal, 2,3-butanediol, hexanal, 2-methylbutanoic acid, 1-hexanol, methyl hexanoate, 1-octen-3-ol, 2-pentylfuran, (E)-2-octenal, (E)-2-octen-1-ol, n-undecane, nonanal, 1-nonanol, (Z)-jasmone, and hydroxytyrosol) were purchased from Sigma-Aldrich and/or synthesized in the laboratory and verified by Nuclear magnetic resonance (NMR). The chemical reagents and solvents isopropyl alcohol, methyl acetate, sodium methoxide, sodium sulfate, oxalic acid, diethyl ether, ethanol, and methanol were of analytical grade and purchased from SigmaAldrich. ABTS, DPPH, trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), FolinCiocalteu, and sodium carbonate were obtained from Sigma (St. Louis, MO, USA). At this stage, the length of the floral buds was ≤2 mm. [15] For each cultivar, five disease-free capitula per replicate (n = 3) were collected, washed with running water to remove impurities, air-dried, and the receptacles were taken. One portion of the receptacle was used as fresh material, while the remaining portion was freeze-dried and stored at -20°C until analysis.
FA analysis
Lipid extraction from freeze-dried samples (1.5 g) and transesterification of the FA were performed according to Peiretti et al. [16] Briefly, the FA were analysed as their methyl esters by gas chromatography, using a Dani GC 1000 DPC (Dani Instruments S.P.A., Cologno Monzese, Italy), equipped with a Supelcowax-10 fused silica capillary column [60 m × 0.32 mm (i.d.), 0.25 µm film thickness]. The injector and detector ports were set at 240°C and 250°C, respectively. The oven temperature program was initially set at 50°C and then increased at a rate of 5°C min −1 up to 230°C, where it remained for 24 min. The carrier gas was hydrogen. One microliter was injected using a Dani ALS 1000 auto sampler with a 1:35 split ratio. The peak area was measured using a Dani Data Station DDS 1000, where each peak was identified and quantified according to external methyl ester standards. The results were expressed as the percentage of total FA methyl ester.
Volatile compounds analysis
Supelco (Bellefonte, PA) solid phase micro-extraction (SPME) devices coated with polydimethylsiloxane (PDMS, 100 µm) were used to sample the headspace of freeze-dried receptacles inserted into a 25 mL vial and allowed to equilibrate for 30 min. SPME sampling was performed using the same new fibre, preconditioned according to the manufacturer's instructions, for all the analyses. Sampling was accomplished in an air-conditioned room (22 ± 1°C) to guarantee a stable temperature. After the equilibration time, the fibre was exposed to the headspace for 50 min at room temperature. Once sampling was finished, the fibre was withdrawn into the needle and transferred to the injection port of the GC-MS system. All the SPME sampling and desorption conditions were identical for all the samples. Furthermore, blanks were performed before each first SPME extraction and randomly repeated during each series. Quantitative comparisons of relative peaks areas were performed between the same chemicals in the different samples. , respectively; oven temperature was programmed from 60°C to 240°C at 3°C min
; carrier gas was helium at 1 mL min
; and split-less injection. The identification of the constituents was based on a comparison of the retention times with those of the authentic samples, comparing their linear retention indices (LRIs) relative to a series of n-hydrocarbons, and on computer matching against commercial and homemade library mass spectra, built from pure substances and MS literature data. [17] [18] [19] [20] Moreover, the molecular weights of all the substances identified were confirmed by Gas Chromatography-Chemical Ionization Mass Spectrometry (GC-CIMS), using methanol as the ionizing gas. The results were expressed as percentage.
Phenols extraction
Receptacle fresh sample (5 g) was ground in 20 mL of methanol 80% containing 1% hydrochloric acid for 2 min with an Ultra-Turrax T25 (Janke & Kunkel Ika-Labortechnik, Staufen, Germany) and stirred at room temperature for 1 h. Then, the homogenate was filtered through Whatman No. 4 filter paper and the filtrate was stored at −20°C until analysis. [4] Determination of total phenols and o-diphenols contents Total phenols and o-diphenols compounds contents were determined according to the method of Montedoro et al. [21] In brief, an appropriate amount of extract was mixed with 10 mL of FolinCiocalteu reagent, diluted 10 times. After 1 min, 8 mL of sodium carbonate (75 g L −1
) was added. The mixture was incubated for 2h and the absorbance was then read at 765 nm against a blank by a UV-Vis spectrophotometer (UV-VIS Beckman spectrophotometer DU 650, Beckman Instruments Inc., Fullerton, CA, USA). The results were expressed as mg hydroxytyrosol equivalents (HE) 100 g −1 of fresh weight (FW).
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Total anthocyanins
The fresh matter (1 g) was extracted with 25 mg mL −1 of acidified methanol (1% HCl) for 2 h at room temperature in the dark, and then centrifuged at 450 g for 15 min. The absorbance was read at 530 and 653 nm by a UV-Vis spectrophotometer and the anthocyanin levels were calculated from the methanol extract as A 530 − (0.24×A 653 ) and the total anthocyanin content was expressed as mg cyanidin 3-glucoside equivalents per 100 g of FW, using an extinction coefficient (ɛ) of 26.900 L mol −1 cm −1 at the absorbance (Ab) of 530 nm and a molar weight (MW) of 449.2 g mol −1
. [22] Anthocyanin ðmg=100gÞ ¼ Ab Â MW Â V Â 100 ε Â G
Total flavonoid contents
The method of Zhishen et al. [23] was adopted to determine the flavonoids content. An aliquot of 250 µL of each extract or standard solution was added with 1.25 mL of distilled water and 75 µL of 5% NaNO 2 solution. After 6 min of incubation, 150 µL of 10% AlCl 3 solution was added. Five minutes later, 0.5 mL of 1 M NaOH solution was added and then the total volume was made up to 2.5 mL with distilled water. Subsequently, the obtained solution was mixed and the absorbance was recorded at 510 nm against a blank by a UV-Vis spectrophotometer. The flavonoid contents were calculated using a standard calibration curve, prepared from catechin. The results were expressed as mg catechin equivalents (CE) 100 g −1 FW.
Total condensed tannin contents
Total condensed tannins were determined by a spectrometric method described previously. [24] Around 50 µL of each extract or standard solution was mixed with 1.5 ml of 4% vanillin (prepared with methanol), and then 750 µL of HCl (12 M) was added. The well-mixed solution was incubated in the dark at room temperature for 20 min. The absorbance against the blank was read at 500 nm. The condensed tannin content was calculated from a calibration curve using a catechin as standard and expressed as mg CE 100 g −1 FW.
Antioxidant activities
The antioxidant capacities of the edible part of globe artichoke were determined by means of three different assays (ABTS, DPPH, and reducing power assays) described as follows. The antiradical DPPH activity of the extracts was determined using the method of Kontogiogis and Hadjipavlou-Litina. [25] Briefly, 20 µL of each extract, used for total phenols assay, was dissolved in absolute ethanol to a final volume of 1 mL and, then, added to 1 mL DPPH (0.1 mM, in absolute ethanol). The mixture was incubated at room temperature and then the absorbance was read at 517 nm by a UV-Vis spectrophotometer against a control after 20 min. The optical densities (ODs) of the samples in the absence of DPPH were subtracted from the corresponding ODs with DPPH. Inhibition of the free radical DPPH (I %) was calculated using the following equation:
where A blank is the absorbance of the control reaction (containing all reagents except the tested compound) and A sample is the absorbance of the tested compound. A blank was read against absolute ethanol. ABTS radical cation (ABTS*+) was produced by the reaction of 7 mM of ABTS stock solution with 2.45 mM potassium persulfate (12-16 h, in darkness, at room temperature). [26, 27] Afterward, the stock solution was diluted with ethanol (approx. 1:88) to obtain an absorbance of 0.7 ± 0.02 at 734 nm by a UV-Vis spectrophotometer and equilibrated at 30°C. A reagent blank reading was taken (A0). For the assay, after the addition of 0.1 mL of sample to 3.9 mL of diluted (ABTS*+) solution, absorbance readings were taken after 6 min of incubation in the dark at room temperature. The absorbance for each sample (ABTS*+ solution plus compound, At) was measured at 734 nm and corrected for the absorbance of a control (ABTS*+ solution without test sample, A0). Solutions of known concentration of trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) were used for antioxidant capacity equivalents calculations. [28] The reducing power was determined using the method of Oyaizu. [29] An aliquot of each sample (250 µL) was mixed with 250 µL of sodium phosphate buffer (0.2 M, pH 6.6) and 250 µL of 1% K 3 Fe (CN) 6 incubated at 50°C for 20 min. After adding 250 µL of 10% trichloroacetic acid, the mixture was centrifuged at 3750 g for 10 min. The supernatant (100 µL) was taken out and immediately mixed with 100 µL of methanol and 25 µL of 0.1% ferric chloride. The absorbance was, finally, measured at 700 nm by a UV-Vis spectrophotometer after 10 min of incubation against a blank. Increased absorbance indicated increased reducing power.
Statistical analysis
Significant differences between varieties were determined by the Students t-test using the SPSS program, release 17.0 for Windows (SPSS, Chicago, IL, USA). All data represent the average of three independent tests (n = 3).
Results and discussion
FA composition
The FA composition of both cultivars expressed as % of total FA methyl ester is shown in Table 1 . The most abundant FAs were linoleic and palmitic ones; these findings are in good agreement with previous studies on globe artichoke grown in Italy and Brazil. [11, 30] Significant differences were observed for capric, palmitic, oleic, and linolenic acid, monounsaturated FA, and n-6/n-3 PUFA ratio. In particular, oleic and linolenic acids predominated in 'Blanc d'Oran' (3.3% and 44.0%, respectively), while capric and palmitic acids were more abundant in 'Violet d'Hyères' (3.2% and 28.9%, respectively). The n-6/n-3 PUFA ratio was significantly lower in 'Blanc d'Oran' than in 'Violet d'Hyères'. No significant differences were observed for heptadecanoic, stearic, and linoleic acids, SFA, and PUFA between the two cultivars. Values are expressed as means ± standard deviation (n = 3). Different letters for the same parameter, within rows indicate significant differences (*p ≤ 0.05; **p ≤ 0.01) between cultivars. Saturated Fatty Acids, SFA; Monounsaturated Fatty Acids, MUFA, Polyunsaturated Fatty Acids, PUFA. n-6/n-3 polyunsaturated fatty acids ratio (n-6/n-3 PUFA ratio).
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Volatile compounds
The volatiles spontaneously emitted and sampled by SPME from the samples of receptacles are shown in Table 2 . Globally, 35 compounds have been identified for 'Blanc d'Oran' and 33 for 'Violet d'Hyéres' cultivars. They accounted for 97.6% and 96.3% of the total volatile compounds, respectively. The results showed that sesquiterpene hydrocarbons were detected with relatively higher concentrations in both cultivars (65.3% in 'Blanc d'Oran' and 76.5% in 'Violet d'Hyéres'), followed by non-terpene derivatives (27.5% and 14.5%, respectively). Although in different parts of the globe artichoke plant, these results confirmed the data obtained in our previous work. [14] The main identified compound was β-selinene, followed by β-caryophyllene, with higher levels in 'Violet Table 2 . Volatile compounds (%) evaluated by GC-MS for the dried receptacle of two Tunisian globe artichoke cultivars. d'Hyéres' (48.7% and 14.5%, respectively). A previous study also reported β-selinene as the main compound. [31] Monoterpene hydrocarbons and oxygenated monoterpenes, reaching on average 1.8% and 1.0%, respectively, were less represented.
Phenols composition
The levels of phenols and o-diphenols, flavonoids, anthocyanins, and condensed tannins in the fresh receptacle of both cultivars are summarized in Table 3 . The total phenols content, measured by the Folin-Ciocalteu method, varied from 60 mg for 'Blanc d'Oran' to 73 mg HE 100 g −1 of FW for 'Violet d'Hyéres'. With regard to the literature data, the total phenols content was lower compared with other globe artichoke varieties. [32, 33] According to Fratianni et al., [34] receptacles and inner bracts exhibited the highest phenols concentration in five globe artichoke varieties than the intermediate and outer bracts and leaves. Similar trends were previously depicted by Romani et al., [5] who found that heads of the variety 'Violetto di Toscana', typical of the Tuscany region (Italy), were very rich in phenolic compounds and hence can be regarded as a functional food. Comparing the different parts of plants, Lombardo et al. [3] reported that the inner bracts contained a higher total phenolic content than the receptacle.
'Violet d'Hyéres' also recorded the highest content of both total flavonoids (12.2 mg CE 100 g −1 FW) and total tannins (17.2 mg CE 100 g −1 FW) contents. Pandino et al. [35] also reported that among the cultivated and wild cultivars studied, the flavonoids content was strongly affected by both cultivar and part of the plant. The contents of tannins found herein in the receptacles of globe artichoke were lower than those of the leaves, bracts, seeds, and stems found in C. cardunculus by other authors;- [10, 13, 36] nevertheless, no reports have been published on the content of tannins in the receptacles of globe artichoke cultivars in order to make possible a comparison. With regard to the anthocyanins levels, they were higher in 'Blanc d'Oran' (3.7 mg 100 g −1 FW). Schütz et al. [37] found that the content of anthocyanins in heads was significantly affected by the cultivar. Overall, our results indicated that globe artichoke receptacles could represent an important source of polyphenols having useful antioxidant activities, [38] widely used in phytopharmaceutical applications. [39] Antioxidant activities
The reducing power, ABTS, and DPPH free radicals were used to evaluate the antioxidant activities of the fresh receptacle (Table 3) . The values showed that the antioxidant capacity of globe artichokes was notably phenolic content-dependent. In fact, the higher antioxidant activities determined by the ABTS assay (p ≤0.01) were observed in the 'Violet d'Hyéres' cultivar, which were the richest in phenols, o-diphenols, and flavonoids. However, no significant differences were observed between cultivars when the antioxidant activities were determined by DPPH and reducing power assays (Table 3) . With respect to the literature, most authors have evaluated the antiradical activity of the globe artichoke extract using the DPPH free radical. Lombardo et al. [33] tested the DPPH activity in the receptacle of clones of two Sicilian globe artichokes landraces and found that 'Clone VI' had the highest antioxidant activity. In our findings, the highest antioxidant activities were linked to the highest phenols, tannins, and flavonoids contents. The antioxidant capacity measured using ABTS or reducing power of the methanolic extracts from globe artichoke by-products was evaluated by different authors [14, 36, 40] and the results obtained were higher than those in this study. These differences could be attributed to the quantitative and qualitative polyphenols profile characterizing the specific part of the plant under study.
Conclusion
Data obtained herein suggested that receptacles of Tunisian globe artichoke cultivars represent a good source of health-promoting compounds, and therefore could encourage the consumption of this crop. In particular, 'Violet d'Hyéres' could be preferred for consumption, because of its major antioxidant activities. Indeed, this investigation showed that the receptacle of the studied cultivars has a good content of unsaturated FA, such as linoleic and linolenic acids, mainly in 'Blanc d'Oran', which are important hypocholesterolemic compounds. Significant differences in the volatile compounds were observed between the two Tunisian globe artichoke cultivars. Nevertheless, further investigations are needed to evaluate the variation of the considered compounds in other Tunisian cultivars.
